Introduction
Briquette binder plays an important role in the molding process of briquette and affects the quality of briquette [1] [2] [3] . Binder has important influence on strength, ash, water resistance, combustion efficiency, soot emission and price of briquette [4] [5] . Therefore, the research and development of high efficiency binder with low price, high heat and cold strength and good water resistance has become a hot spot [6] [7] [8] [1] . The lubricant sludge from wire drawing factories are very viscous because of its richness in organic matter, which provides application possibilities in briquette preparation as binder. In this paper, briquette was prepared from pulverized coal with this lubricant sludge as binder. The effects of lubricant sludge content, forming pressure and drying time on the strength of the briquette coal are investigated.
Experimental materials, devices and equipment
Experimental materials. The pulverized coal used in the experiment is taken from the existing samples in the laboratory. Industrial analyses are carried out to the air dried lubricant sludge and the results are as follows: .89 A certain amount of pulverized coal and lubricant sludge was mixed fully, and then the mixture was put into a mould and squeezing by a press machine. Finally, the briquette coal was prepared.
Experimental results and discussion
Determination of sludge viscosity. The viscosity of sludge was tested by rotating viscometer, and according to the experimental data of viscosity measurement, rheological characteristic curve is obtained as shown in Fig.1 , the slope of which is the apparent viscosity of the fluid. From Fig. 1 , it can be seen that the viscosity of the original sludge is 2.44 Pa·s, which is 2.44 times that of water. The possibility of sludge as binder was demonstrated.
Single factor test of briquette production from industrial sludge. The effects of forming pressure, sludge content and drying time on the strength of briquette were investigated. The determination of drop strength of briquette refers to MT/T 925-2004 standard of coal industry of the people's Republic of China for the determination of falling strength of industrial briquette. A certain amount of briquette samples are freely dropped from 2m height to the steel plate. The drop strength of briquette is represented by the percentage of briquette mass larger than 13mm in the sample mass of prototype coal, which is larger than 13mm after the third fall. Influence of sludge content on briquette strength. Under the conditions of forming pressure of 12 MPA and drying time of 24 h, changing the sludge content and studying the effect of sludge content on the falling strength of briquette, the results are shown in Fig. 2. Fig. 2 indicates that when the sludge content is 10 ~ 16%, the briquette strength increases gradually with the increase of sludge content. When the sludge content is 16%, the briquette intensity reaches the maximum and then decreases. This is mainly due to the fact that both coal and sludge contain organic compounds, which have a strong affinity, and the binder can infiltrate coal well and even exist in the inner structure of coal. With the increase of sludge content, the increase of soakage ability plays a better role in the adhesion of briquette, which makes the strength of briquette increase. Continue to increase the sludge content, then the adhesion of sludge to pulverized coal is in a full state, and the moisture in briquette increases. The strength is decreasing gradually. Therefore, the suitable sludge content was determined to be 16%. Influence of forming pressure on briquette strength. Under the conditions of activated sludge content of 10% and drying time of 24 hours, the influence of forming pressure on the strength of briquette was studied by changing the forming pressure. The results are as shown in Fig. 3 , which shows that with the increase of forming pressure, the falling strength of briquette increases first and then decreases. This is due to the smaller embedded force between pulverized coal particles and the smaller strength of briquette when the forming pressure is low. As the forming pressure increases, when the forming pressure is higher than a certain value, the pulverized coal will break up twice and produce a new surface under the condition of large bearing capacity. The original binder can not fully infiltrate it, which leads to the decrease of its strength. Therefore, the suitable forming pressure is determined to be 12 MPa. Influence of drying time on strength of briquette. Under the conditions of sludge content of 16% and forming pressure of 12 MPa, the pulverized coal was molded by changing the drying time, and the effect of drying time on the falling strength of briquette was studied. The results are shown in Fig. 4 . It can be seen from the diagram that when drying time is 12 h, the strength of briquette cold pressing reaches the maximum and then tends to be stable. The results show that during the drying process not only the internal moisture in coal but also some combined water is removed. Molding moisture is an important factor affecting the quality index of briquette. In the process of forming, the material contains proper moisture, which can lubricate and moisturize the properties of binder, which is conducive to the tight accumulation of coal particles and the full diffusion of the binder. At the beginning of drying, there is more free water between pulverized coal particles and more moisture in sludge. The affinity of binder to coal is full, and the binder does not reach the best bonding property, which shows a slow rising trend..With the evaporation of water, the two can fully bond, and the strength of briquette increases sharply. After reaching a certain time, too much water is lost in coal samples and sludge, the moisture in briquette evaporates, and the moisture in sludge is also partially lost. The binder and coal begin to caking and even breaking, and the strength of briquette is gradually flattening or even decreasing. Therefore, the optimum drying time is 12 h. 
Conclusions
In this paper, it is found that the existing industrial sludge contains organic compounds with unsaturated fatty acids, and has good adhesive property, and can be used as binder to prepare briquette. The effects of sludge content, forming pressure and drying time on the strength of briquette were measured. The following conclusions are drawn: (1) The viscosity of the original sludge is 2.44 Pa·s, which is 2.44 times of that of water, and can be used as briquette binder. (2) Under the conditions of activated sludge content of 10% and drying time of 24 h, the suitable forming pressure is 12 MPA. (3) Under the conditions of forming pressure 12 MPA, drying time 24 h, the suitable sludge content is 16%. (4) Under the conditions of sludge content of 16% and forming pressure of 12 MPa,the optimum drying time is 12 h. Through the experimental results above, it is confirmed that the industrial sludge from this factory can be used as binder for briquette preparation, which not only saves the huge cost of treating industrial sludge, but also improves the utilization efficiency of sludge, and plays an important role in environmental protection.
